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Abstract
Irradiation of natural pink and brown diamond by middle-ultraviolet light (photon energy
ǫ ≥4.1 eV) is seen to induce anomalous fluorescence phenomena at N3 defect centres (structure
N3-V). When diamonds primed in this fashion are subsequently exposed to infrared light (even
with a delay of many hours), a transient burst of blue N3 fluorescence is observed. The dependence
of this IR-triggered fluorescence on pump wavelength and intensity suggest that this fluorescence
phenomena is intrinsically related to pink diamond photochromism. An energy transfer process
between N3 defects and other defect species can account for both the UV-induced fluorescence
intensity changes, and the apparent optical upconversion of IR light. From this standpoint, we
consider the implications of this N3 fluorescence behaviour for the current understanding of pink
diamond photochromism kinetics.
1 Introduction
The large range of optically-active defect species
found within diamond makes luminescence a fre-
quently employed tool for determining which dia-
mond defect species exist within a bulk sample [1,
2, 3]. Luminescence measurements can also provide
insight into the dynamics of electronic processes in-
volving diamond defects by, for instance, acting as a
probe of a targeted defect centre’s charge state during
excitation of the centre [4, 5, 6].
The N3 centre, with structure N3-V and a zero-
phonon line (ZPL) at 2.985 eV (415 nm), commonly
occurs in natural diamonds, where it is readily iden-
tifiable from its luminescence spectrum [3]. In this
paper, we discuss a regime of anomalous fluorescence
behaviour in pink and brown Argyle diamonds, that
has properties relating to both the N3 defect cen-
tre, and to the photochromism properties of Argyle
pink diamond. To our knowledge these effects have
not been described before. We present an experi-
mental exploration of the anomalous fluorescence be-
haviours, in both the spectral and temporal domain.
We propose that an energy transfer mechanism from
the diamond defects responsible for pink diamond
photochromism, to readily-fluorescing N3 centres, is
responsible for the observed phenomena.
2 Samples
These experiments focused on a series of Argyle
pink and brown diamond samples, across a range
of colouration. Two samples displayed an obvious
1
pink colouration, three samples were coloured pre-
dominantly brown with a pink undertone, and two
samples were “white”/colour-free. All samples were
of type Ia - containing a concentration of nitrogen
impurities in aggregated form, ranging between 50-
1000ppm.
The N3 defect is typically found throughout the
bulk of Argyle pink diamonds, acting as a dominant
feature in both absorption and fluorescence spec-
tra [7, 8]. All samples tested here displayed visi-
ble N3 absorption features, with one of the white
diamonds displaying the strongest N3 concentration
of all diamonds tested. These same samples have
also been employed in recent photochromism exper-
iments, to which we refer the reader for further de-
tails [9]. As we will show, there is a close connec-
tion between the anomalous fluorescence and pho-
tochromic behaviours.
3 Results
3.1 UV- and IR-stimulated fluores-
cence
In both pink and brown diamond samples, we ob-
served that constant-intensity optical pumping in
the middle ultraviolet (MUV, 4.1-6.2 eV) leads to an
emitted N3 fluorescence signal that increases in in-
tensity over time, asymptotically approaching some
higher level (see figure 1(a)). This is in strong con-
trast to pumping with longer-wavelength UV radia-
tion, where the intensity of N3 fluorescence is con-
stant. The threshold photon energy for this new be-
haviour to occur was found to be in the region of
4.1 eV. The increased level of N3 fluorescence inten-
sity is stable - re-exposure of the sample to the MUV
pump after storing the sample in the dark for some
time ∆t will immediately generate the same increased
level of fluorescence.
Once primed by MUV light in this fashion, the N3
fluorescence intensity could be promptly reset to its
initial level by exposure to IR light. Intriguingly, this
IR pump is also observed to trigger a transient emis-
sion of N3 fluorescence (which has a far higher photon
energy than the triggering IR light). The intensity
of this IR-stimulated fluorescence decays away expo-
nentially with continued pumping, and IR light only
generates such fluorescence when applied subsequent
to MUV pumping of the diamond.
Figure 1(a) shows the intensity of fluorescence
emitted from a pink diamond over time, during both
MUV-stimulated fluorescence priming and subse-
quent IR-stimulated transient decay, measured with
a large-area silicon photodetector. The fluorescence
signal was isolated using appropriate optical filter-
ing prior to the detector. The signal-to-noise ra-
tio of the measurement was improved by mechani-
cally chopping the pump light to generate amplitude-
modulated fluorescence. The photodiode signal was
then recovered using a lock-in amplifier.
The spectrum of this fluorescence was recorded at
various times within the pumping cycle using an UV-
Visible spectrometer, integrating multiple measure-
ment cycles to achieve a higher signal-to-noise ratio.
The dashed line in figure 1(b) shows the standard flu-
orescence spectrum for these diamonds, showing both
the characteristic ZPL (2.985 eV) and phonon side-
bands of the N3 defect. The blue trace on this figure
shows the difference between the fluorescence spec-
trum at the start of MUV excitation ti, to that at the
end of the pumping period tf (when the system has
reached the maximum fluorescence intensity). This
difference spectrum is nearly identical to the spec-
tral shape of the initial fluorescence, demonstrating
that this increase in fluorescence intensity is merely
an amplification of the usual fluorescence rather than
the emergence of some other fluorescence signal. The
spectrum of the IR-stimulated fluorescence (shown
as the red trace on the figure) again mimics the N3
fluorescence profile.
While all the pink and brown samples showed
this dynamic N3 fluorescence, the two white sam-
ples showed no such behaviour despite one of these
containing the highest N3 concentration of all tested
samples. Thus these phenomena are not intrinsic to
N3, but depend also upon the presence of some other
defect that acts in concert with N3 to produce the
observed effects.
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Figure 1: (a) Fluorescence intensity over time, under MUV and IR pumps. A constant-intensity MUV pump
stimulates an increasing fluorescence intensity; after MUV-priming, IR light induces a transient, decaying
burst of fluorescence. Contamination of the measurement by the IR pump light has been subtracted for
clarity; the measurement is insensitive to the MUV pump light. (b) The measured change in MUV-induced
fluorescence (from ti to tf ) mimics the initial fluorescence spectrum (scaled for clarity). The fluorescence
excited by long-wavelength pumps also has the same spectrum.
3.2 IR-stimulated fluorescence yield
and decay rates
The total integrated fluorescent output (yield) gener-
ated by IR-pumping is constant regardless of the IR
pump intensity, or whether the pump is interrupted
and resumed. Figure 2 shows measurements of IR-
induced fluorescence for a MUV-primed diamond
subsequently pumped with a 2.0 eV LED at various
intensities. The decay rate of the IR-stimulated flu-
orescence is inversely proportional to the intensity of
the IR pump, however the fluorescence yield remains
unchanged. Pumps at other wavelengths show equiv-
alent results.
The “storage time” of the system was also inves-
tigated, by priming a diamond with MUV light and
then waiting some time ∆t before applying an IR
pump of fixed intensity. As evident in figure 3, no net
loss in the output fluorescence yield of the system was
detected, even when storing a UV-primed diamond in
the dark for several hours before IR exposure. It ap-
pears that at room temperature and in the dark, the
UV-primed system is entirely metastable.
3.3 Excitation threshold for IR-
stimulated fluorescence
To determine the photon energy threshold for the
emission of IR-stimulated fluorescence, the rate of flu-
orescence decay was measured by using a Ti:Sapphire
laser as a tunable IR pump. The resulting fluo-
rescence decay rate was normalised to the incident
pump photon flux to reflect the cross-section of the
IR-stimulated interaction (figure 4). A photon en-
ergy threshold is evident, which was determined to
lie at ǫ0 =1.357±0.001eV by fitting the Lucovsky
cross-section [10] to the data, together with a small
constant term that we attribute to weak fluorescence
excitation induced by background light leaking onto
the sample.
4 Discussion
Photochromism of the N3 centre via optically-
induced charge transfer has been documented in lit-
erature [11], albeit resticted to treated type-Ib dia-
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Figure 2: The decay time-constant for IR-stimulated
fluorescence is inversely proportional to IR pump in-
tensity, but the total yield of fluorescence (normalised
scale) is constant.
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Figure 3: The yield of the IR-stimulated fluorescence
process (normalised scale) is independent of delay
time ∆t on timescales up to hours.
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Figure 4: Rate of fluorescence decay normalised to
incident pump photon count. Fitting the Lucovsky
cross-section to the data shows a clear photon energy
threshold at ǫ0 =1.357eV.
monds. However, charge trapping and photoionisa-
tion at N3 defects is unlikely to be responsible for the
phenomena described above, given that the white di-
amonds did not show this dynamic fluorescence. Ad-
ditionally, although the photon energy necessary to
excite N3 fluorescence (2.985 eV) is well above that
required to photoionise the pink colour centre and
thus induce photochromic bleaching of a pink dia-
mond (2.7 eV [12]), no variation is seen in either the
spectrum or the quantity of N3 fluorescence when
near-ultraviolet pumps (e.g. 3-3.5 eV) are applied to
our diamonds, indicating that the N3 centres are not
trapping electrons photoionised from the pink colour
centres.
The photochromic response of pink and brown di-
amonds to UV and IR pumps [9] displays strong sim-
ilarity to the fluorescence behaviours described here.
A new regime of pink/brown photochromism, be-
lieved to correspond to the ionisation of electrons at
vacancy cluster defects, appears under the influence
of MUV sources with photon energies >4.1 eV; elec-
trons ionised from the vacancy clusters may then be
trapped at other defects such as substitutional ni-
trogen and pink colour centres (see figure 5). Later
4
exposure of the diamond to IR light results in further
photochromic change consistent with the excitation
of valence electrons to empty vacancy cluster states,
and subsequent recombination of electrons trapped
at other centres into the new valence holes.
The cross-section of the IR-stimulated pho-
tochromic change (figure 5 in [9]), with a photon-
energy threshold measured to lie at 1.353±0.001eV,
is essentially equivalent to the excitation cross-section
measured here for IR-stimulated fluorescence (fig-
ure 4, threshold at 1.357 eV). The very close simi-
larity between the measured MUV and IR threshold
energies in photochromism and fluorescence experi-
ments - as well as the observation that IR sensitiv-
ity in both fluorescence and photochromism is a sec-
ondary phenomenon, dependent on earlier exposure
of the sample to MUV light - suggests that the same
phenomena underlie both sets of observations.
Recombination of electrons trapped at pink colour
centres and substitutional nitrogen centres would lib-
erate energies of 2.8 eV and 3.3 eV respectively. The
latter is easily of sufficient energy to excite an N3
centre from its ground state, and the N3 centre has
been seen to participate in energy transfer interac-
tions with other defect species in natural diamond
samples [13]. We thus suggest that these recom-
bination transitions, at the centres participating in
the photochromic electron exchange, result in energy
transfer to N3 centres, whether radiatively or via
some local energy exchange process, resulting in the
transient blue-light fluorescence signal which is emit-
ted under IR excitation. From this model, we can
understand the total fluorescence intensity generated
by MUV pumps, measured in figure 1(a), as being
due to two separate processes: MUV light directly
exciting N3 centres and generating a steady output
(indicated by the dotted line) and, simultaneously,
recombination events at other defects in the crystal
generating additional N3 fluorescence via energy ex-
change.
Using a rate equation model of the energy level
system shown in figure 5, we calculate the expected
rate at which electrons decay from the N and P cen-
tres over time as a result of optical stimulation with
MUV and IR pumps. The result of this modelling
is shown in figure 6, using the count of recombina-
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Figure 6: The rate of recombination events from pho-
tochromism traps mimics the dynamics of the fluores-
cence response seen at the N3 centre.
tions as a proxy for the temporal variation in N3 flu-
orescence. The model only assumes that a constant
fraction of the recombination events will excite the
fluorescence process. The calculation predicts that
under MUV excitation, the rate of recombination
events rises approximately exponentially, asymptoti-
cally approaching some constant value in agreement
with experimental observations. When the MUV
pump is switched off, all traps are thermally stable,
and no electronic transitions occur. Upon IR irradi-
ation, there is an immediate burst of recombination
events as holes are created in the valence band; the
number of recombination events per unit time de-
cays exponentially to zero as the population of va-
lence holes is exhausted, once again in close agree-
ment with observations. Comparing the calculations
shown in figure 6 with the experimental observations
in figure 1(a) demonstrates this agreement.
5 Conclusion
We have observed anomalous fluorescence from N3
defect centres in pink/brown Argyle diamonds. The
photon energy threshold and time-dependence of
these processes imply a strong link with the pho-
tochromism system that is also seen in pink/brown
diamond. We deem it likely that the defects that
5
Figure 5: N3 fluorescence may be generated via internal energy transfer from other centres participating in
the IR-induced photochromism transitions: (a) MUV excitation ionises vacancy cluster electrons, which are
trapped at other centres participating in the photochromic process. (b) IR light excites valence electrons
into empty vacancy cluster states. (c) Electrons trapped at other defects recombine with the created valence
holes, releasing sufficient energy to excite a nearby fluorescent N3 centre.
drive the photochromic response in the diamond (and
hence also give the diamond its pink colouration)
have an energy coupling to nearby N3 centres which
result in these new fluorescence behaviours.
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